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(54) Target-triggered ampiif ication 

(57) The present invention features "promoter- 
sequestered" oligonucleosides and the use of such o)i- 
gonucleosides to achieve "target-triggered" amplifica- 
tion. A promoter-sequestered oligonucleoside contains 
a contiguous nucleic acid sequence which forms a 
stem-loop structure in the absence of "a target 
sequence. The stem-loop structure contains a single- 
stranded loop region and a double-stranded stem 
region. The single-stranded loop contains all, or a por- 
tion of. an RNA polymerase promoter sequence. The 
stem is produced from two substantially complementary 
nucleic acid sequences able to form an intramolecular 
hybrid. The secondary structure of the stem decreases 
the accessibility of the loop promoter sequence to form 
a functional double-stranded promoter. 
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Description 

Field of The Invention 

1 5 The present invention concerns compositions and methods for amplifying nucleic acid using a target nucleic acid 

sequence to trigger RNA polymerase mediated transcrtptic . The invention is particularly useful as part of a diagnostic 
§^ procedure to determine whether the target sequence is present in a sample by detecting the production of amplified 

nucleic acid. 

1 10 Background of the invention 

:| RNA polymerase mediated transcription, also referred to herein as "RNA polymerase mediated amplification," is 

based on the ability of an RNA polymerase to use a nucleic acid template to catalyze ribonucleic acid synthesis. The 
RNA polymerase synthesizes ribonucleic acid transcripts complementary to the template. 
15 RNA polymerase mediated amplification is initiated bv the binding^of an RNA polymerase to a promoter region 
; which is usually double-stranded. The RNA polymerase procaeds downstream from the promoter region and synthe- 

^1 sizes ribonucleic acid in a 5' to 3' direction. Multiple copies, for example, in the range of 100-3,000. of RNA transcripts 

are produced by RNA polymerase cnedisAed BLvrtpWUcaijtQn using a single template 
' ■ Factors affecting RNA polymerase mediated amplification efficiency are known to those of ordinary skill in the art. 

20 E.g., see, Mifligan ef af., Nucleic Acids Research 15:8783-8798, 1 987 ("Milltgan et ai ") (hereby incorporated by refer- 
ence herein). Using a Snear tenpiate most, but not all. of the promoter sequence needs to be part of a double-stranded 
promoter region for RNA polymerase mediated amplification. For example. Miiligan etaf. refers to a "tettom strand" 
which contains the promoter sequence upstream from the template and a lop strand" which is nucleic acid comple- 
mentary to the bottom strand. Milligan et ai indicates that for T7 RNA polymerase, the top strand can be several nude- 
m otides shorter on either the 3' or 5' terminus of the promoter sequence. According to Milligan et af. at pages 8791 -8792: 

M As the top strand is shortened from its 3' end. neither the site of initiation nor the amount of products is significantly 

altered until nucleotide -3 is removed. Further elimination of nucleotides causes a decrease in the amount of full length 
product, but not any change in the point of initiation, until the nucleotide at -8 is eliminated at which point there are no 
. i detectable full length products. A similar, less complete, experiment removing nucleotides from the 5' terminus of the 

30 top strand shows no change in the transcription products or yields until nucleotide -1 4 is removed. Thus, the top strand 
does not have to cover the entire T7 consensus promoter, but can be up to 3 nucleotides shorter on either the 3* or 5' 
terminus- 

Miliigan et aL also indicates that removal of additional top strand bases results in decreasing acth/ity until nucleotide -8 
is removed, and removal of nucleotides to -14 resulted in no full length transcription products being observed. Other 
35 RNA polymerases, such as T3 RNA polymerase, have similar properties in that a double-stranded promoter is generally 
needed for transcription activity, however, the promoter sequence need not be completely double-stranded. 

Daubendiek etaL, d Am, Chem. Soc. 7)7:7818-7819. 1995 ("Daubendiek etair) (hereby incorporated by refer- 
ence herein), indicates that a circular oligonucleotide can serve as a template for T7 polymerase. At pc^ge 7818. first 
column, second paragraph, Daubendiek et aL, notes that transcription was said to occur \ . . in the absence of RNA 
40 pnmers, in the ^sence of RNA promoter sequences, and in the absence of any duplex structure at all" 

Transcription templates include RNA and DNA. and may be single-stranded or double-stranded. Kacian et aL, U.S. 
Patent No. 5.399,491, and Burg etai., U.S. PaXerit No. 5,437,990, both illustrate RNA polymerase mediated anpiiftca- 
^ tion using a DNA template (both of these references are hereby incorporated by reference herein). Kacian et aL, Inter- 

I national Publication No. PCT/US93/040 1 5, International Publication No. WO 93/22461 , illustrates transr«-»ntion using an 

45 RNA template (hereby incorporated by reference herein). 

Transcription, along with other techniques which amplify nucleic acid using a nucleic acid template such as the 
I polymerase chain reaction method (PGR), the ligase chain reaction (LCR), and replicase are particularly useful as 

I part of a diagnostic technique where amplified nucleic acid is detected to indicate the presence of a target sequence. 

Publications mentioning transcription as part of a diagnostic technique include Kacian et ai., U.S. Patent No. 
so 5.399.491; Burg etaL, U.S. Patent No. 5.437,990; Kacian ef a/., International Publication No. PCT/US93/04015. Inter- 
national Publication No. WO 93/22461: Gingeras et aL, International Application No. PCT/US87/01966, International 
Publication No. WO 88/01302; Gingeras ef a/.. International Application No. PCT/US88/02108. International Publication 
No. WO 88/10315: Davey and Malek. EPO Application No 881 13948.9, European Publication No. 0 329 822 A2; Maiek 
ef a/.. U.S. Patent No. 5.130.238; Urdea. International /Xpplication No PCT/US91/00213, International Publication No. 
55 WO 91/10746; McDonough et ai. International Application No. PCT/US93/07138. International Publication No. WO 
I 94/03472; Kacian et ai., Internationa! Publication No. PCT/US93/04015, International Publication No. WO 93/22461; 

and Ryder etaL, International Application No. PCT/US94/08307. International Publication Number WO 95/03430, 
Different schemes can be employed to bring about transcription in the presence of target sequence. For example, 
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Axelrod etal.. International Application No. PCT/US89/03884, International Publication No. WO 90/02820, on page 6, 

lines 29-35, mentions an Invention"; 

. . . predicated on the use of an oligonucleotide probe, suitable for hybridization with a segment of a target nucleic 

acid sequence, that has linked thereto a moiety that is capable of initiating the production of a plurality of RNA tran* 
; 5 scripts, themselves containing sequence operable for their multiple self-replication. 
% Dattagupta, European Patent Application No. 90120652.4, 

Publication Number 0 427 074 A2. in the abstract asserts: 
^ Specific nucleic acid sequences are amplified through the use of transcribable hairpin probes. The probe com- 

prises a single stranded self -complementary sequence which, under hybridizing conditions, forms a hairpin structure 
^ 10 having a functional promoter region, and further comprises a transcribable sequence extending from the '5 end of the 
m hairpin sequence and a probe sequence which may be comprised in the transaibable 5' sequence or in a sequence 

^ extending from the 3' end of the hairpin sequence. 

Dattagupta, U.S. Patent No. 5»21 5.899. describes the same type of technology as the Dattagupta European patent 

application. 

r5 Lizardi eta/.. International Application No. PCT/US89/04275, International Publication No. WO 90/03446 ("Uzardi 
' et a/."), describes nucleic acid probes containing "molecular switci i." The molecular switches described by Uzardi et 

a/, are closed in the absence of target sequence, but open in the presence of target sequence. According to Lizardi et 
^ at. at page 10. lines 13-23: 

TNs irtvention involves the use of a nucleic acid hybridization probe comprising at least the following essentials: 
20 a probe sequence of approximately 15-115 nucleotides in length surrounded on both sides by complementary nucleic 
acid sequences which are considerably shorter than the probe sequence, preferably not greatly in excess of one-half 
the length of the probe sequence. This combination of three sequences forms a simple molecular allosteric switch. 
None of the references de^rtbed herein are admitted to be prior art to the claimed invention. 

25 Summary of the Invention 

1 

Wi The present invention features "promoter-sequestered oligonucleosides'* and the use of such oligonucleosides to 

achieve "target-triggered" ampiificatron. A promoter-sequestered olrgonucieoside contains a contiguous nucleic acid 
sequence which forms a stem-loop structure in the absence of a target sequence. The stem-loop structure contains a 

30 single-stranded loop region and a double-stranded stem region. The single-stranded loop contains all, or a portion of. 
an RNA polymerase promoter sequence. The stem is produced from two substantially complementary nucleic acid 
sequences able to form an intramolecular hybrid. The secondary structure of the stem decreases the accessibility of 
the loop promoter sequence to form a functional double-stranded promoter, for example in the presence of an oligonu- 
cleotide having a sequence complementary to the promoter sequence. 

35 One of the two stem sequences also contains all, or a portion of. a target-complementary region. In the presence 
of a target nucleic acid the promoter-sequestered oligonucleoside target-complementary region hybridizes to the target 
sequence, causing the stem to unfold and thereby increasing the accessibility of the promoter sequence to form a func- 
tional double-stranded promoter region, for example in the presence of an oligonucleotide having a sequence comple- 
mentary to the promoter sequence BNA polymerase mediated amplification can be carried out after the formation of 

40 the functional double-stranded promoter-region. 

The promoter-sequestered oligonucleoside is preferably used as part of a diagnostic as^ay to detect the presence 
of a target sequence. Such an assay may be carried out by combining the promoter-sequestered oligonucleoside with 
a sample suspected of having nucleic acid containing the target sequence under conditions and reagents compatible 
^ with the formation of a double-stranded promoter region and RNA polymerase mediated amplification, as described in 

45 more detail below. The preser of the target sequence triggers amplification. Amplified nucleic acid can be detected 
to indicate the presence of the target sequence in the sanple. 

Thus, a first aspect ot the present iiwention features a promoter-sequestered oligonucleoside comprising: 

a stem made up of a first and a second nucleic acid sequence which are substantially complementary to each 
so other, 

and a single-stranded loop region located between the first and second nucleic acid sequences, wherein all. or a 
portion, of an RNA polymerase promoter sequence is located within the loop region. 

The two substantially complementary sequences making up the stem are located 3' of the loop (i.e. . a 3' intramo- 
ss lecular binding region) and 5' of the loop (/.e., a 5' intramolecular binding region). Preferably, the two intramolecular 
binding regions are perfectly complementary. 
% The loop region along with the 3* intramolecular binding region and 5' intramolecular binding region are provided 

as a single nucleic acid strand having nucleoside subunits covalently joined together. Preferably, the RNA polymerase 
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promoter sequence is located substantially within the loop. 

Additional oligonucleosides can also be hybridized to the promoter-sequester oiigonucleoside. For example, a stem 
can be formed where a portion of the 3' intramolecular binding region is hybridized to a portion of the 5* intramolecular 
binding region and also hybridized to a separate oiigonucteoside. 
5 The nucleoside subunits making up the promoter-sequestered oligonucleoside can be covalently joined together 
by different linkages including phosphodi ester linkages and phosphorothloate linkages. Preferred sugar moieties for 
$ nucleosides are ribose and deoxyribose, and derivatives thereof. More preferably, the sugar moiety is either deoxyri- 

bose or 2-methoxy ribose. 

. The target-complementary region is that part of the promoter-sequestered oligonucleoside which hybridizes to the 

1 10 target sequence to form a stable duplex. At least part of the target-complementary region is present in either the 3* 
M intramolecular binding region or the 5' intramolecular binding region. The target-complementary region is sufficiently 

complementary to the target sequence to form a hybrid therewith under amplifying conditions. 

Promoter-sequestered ofigonucleoside unfblding is facilitated by using a target-complementary region made up of 
two parts: (1) a target-complementary subsequence present In the stem; and (2) a target-complementary subsequence 
^1 15 which is single-stranded and extends from the stem either 3' of the 3* intramolecular binding region or 5' of the 5* 

intramolecular binding region. In different embodiments, the stem target-con^ilementary sequence is about 10 to 30 
bases in length, about 23 to 28 bases in length, and about 25 bases. 

Target-complementary regions extending 3' of the 3' intramolecular binding region or 5' of the 5' intramolecular 
binding region, are one or more bases in length and substantially complementary to a portion of the target sequence. 
so Preferably the target-conplementary sequence extending from the stem is about 10 to 50 bases in length, and more 
preferably about 1 5 to 30 bases in length. 

The stem can also contain one or more target nonspecific moieties which do not specifically hydrogen bond to a 
target nucleic acid. Target nonspecific moieties include mismatches, and "universal bases'* such as inosine which can 
hydrogen bond to different bases. Target nonspecific moieties are preferably kept to a minimum. In different embodi- 
M 25 ments target nonspecific moieties are no more than 20% of the Stem, no more than 10%of the stem, nomorethan5% 

2 of the stem, and 0% of the stem. 

" ' The presence of non-complementary bases near the loop region may decrease accessibility of the promoter 

sequence in the presence of target. Preferably, the target-complementary region includes the 3'-end of the 5' intramo- 
lecular binding region or the 5 -end of the 3* intramolecular binding region. 
30 The promoter-sequestered oligonucleoside can also contain additional groups 3' of the 3* intramolecular binding 
region, or 5' of the 5* intramolecular binding region which are not target-complementary nucleosides. Such additional 
groups should be chosen so they do not prevent the promoter-sequestered oligonucleoside from hybridizing to its target 
sequence and triggering amplification in the presence of the target sequence. Examples of additional groups include 
additional nucleosides and amino acids. 
35 Preferably, the promoter-sequestered oligonucleoskJe comprises a DNA polymerase blocking moiety 5' of the pro- 
moter-sequestered oligonucleoside promoter sequence and/or a blocked 3' terminus, A blocking moiety 5* of the pro- 
moter-sequestered oligonucleoside promoter sequence is advantageous for preventing formation of a double-stranded 
promoter region which may occur due to entry of an DNA polymerase 5' of the promoter sequence. A "blocked 3' termi- 
nus' refers to the presence of one or more groups at or near the 3' end of the oligonucleoside which inhibits, completely 
40 or partially, elongation of the 3' end of the oligonucleoside by a nucleic acid polymerase, such as RNA polymerase. 
Examples of blocking groups include phosphorothioate, non-nucleotide linkages, alkane-diol residue, and coidycepin. 
Non-nucleotide linkers and linkages are desaibed by Arnold et af. international Application No. PCT/US88/03173. 
International Publication No. WO 89/02439, hereby incorporated by reference herein. 
^ Another aspect of the present invention features a method for amplifying a nucleic acid sequence using a promoter- 

4s sequestered oligonucleoside, where amplification is triggered by the presence of a target sequence. A functional dou- 
ble-stranded promoter can be formed with the promoter-sequestered oligonucleoside promoter sequence, which is ren- 
^ dered more accessible by hybridization of the promoter-sequestered oligonucleoside to its target, using different 

|| techniques. Examples of techniques for forming a functional double-stranded promoter region include hybridization of 

i a promoter-complementary oligonucleotide, primer extension of an oligonucleotide hybridized to the promoter-seques- 

so tered oligonucleoside 3* of the promoter sequence, and the use of two or more oligonucleotides which can hybridize to 
the promoter sequence of the promoter-sequestered oligonucleoside which are then ligated together. 

Preferably, a promoter-complementary oligonucleotide having a blocked 3' iermtnus is used to form a functional 
double-stranded promoter. Such a promoter-complementary oligonucleotide should be sufficiently connplementary to 
the promoter-sequestered oligonucleoside pronroter sequence to form a fully active promoter without having its 3* ter- 
55 minus extended in a polymerase reaction. 
^ Amplification can be carried out under conditions where a first amplification product is used as a target sequence 

for further amplification. Multiple rounds of amplification can be carried out, where the product of one round of amplifi- 
cation is used as a target sequence for a subsequent round of amplification. Preferably, amplification, and multiple 
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rounds of amptif icatioa are carried out using isothermal transcription mediated amplification conditions. 

Another aspect of the present invention features a method for detecting the presence of a target nucleic acid 
sequence in a sample using a promoter-sequestered oligonucleoside. The method is carried out by combining the pro- 
moter-sequestered oligonucleoside with a sample suspected of containing a nucleic acid having a target sequence 

5 under amplification conditions and then detecting the presence of a specific amplified sequence as an indication of the 
presence of target sequence. 

Thus, the present invention provides for compositions and methods for triggering amplification in the presence of a 
target sequence. Expected advantages of using the desaibed promoter-sequestered oligonucleosides in different 
embodiments and aspects described herein include the following: the ability to carry out amplification which is facilitated 

10 by the presence of a target sequence, and thereby amplified products indicate whether a target sequence is present; 
the ability to can-y out sequence-specific RNA polymerase mediated amplification under isothermal conditions; the abil- 
ity to carry out RNA polymerase mediated amplification using only one enzyme activity, an RNA polymerase; the ability 
to trigger amplification using a target sequence present on a target nucleic acid strand with or without a defined end in 
the absence of a primer which hybridizes to a complementary target strand; and the ability to perform multiple rounds 

15 of amplification using the promoter-sequestered oligonucleoside in the absence of a primer which hybridizes to a com- 
plementary target strand thereby saving on reagents and eliminating the need to identify two different sequences for 
primer hybridization. Additionally, it is expected that non-productive amplification side-products may be minimized in 
such a system. 

Various examples are used throughout the application. These examples are not intended in any way to limit the 
20 claimed invention. 

Other features and advantages of the invention will be apparent from the following f igures» detailed description of 
the invention, examples, and the claims. 



Brief DescriDtion of the Figures 
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Figure 1 provides an Illustration of a promoter-sequestered oligonucleoside structure. 
1^ Figure 2 provides illustrations of different promoter-sequestered oligonucleoside configurations. A pronrK)ter 

sequence is shown by a thick line. 
I Rgure 3 provides examples of sequestered promoter sequence locations and target-complementary region loca- 

4 30 tions. 

Figure 4 provides an illustration of promoter-sequestered oligonucleoside unfolding upon hybridization to a target 
nucleic acid sequence. The promoter-sequestered oligonucleoside promoter sequence is shown by a thick line. The 
arrow above the promoter sequence indicates the direction of RNA polymerase-mediated transcription. 

Figure 5 provides an illustration of how a double-stranded promoter region may be formed using a promoter- 
35 sequestered oligonucleoside having a target-complementary region 5' of the loop region, and the production of RNA 
transcripts from promoters of different orientations. The generation of a double-stranded promoter region by hybridiza- 
tion of a promoter-complementL. y oligonucleotide is illustrated by the left side of the figure. The generation of a double- 
stranded promoter region by extension of a primer hybridized 3* of the promoter sequence is illustrated by the right side 
of the figure. The pronx)ter-sequestered oligonucleoside promoter sequence is shown as a thick line. The arrow above 
40 or below the promoter sequence indicates the direction of RNA polymerase mediated transcription. 
^ Figure 6 illustrates the formation of a double-stranded promoter region, alter hybridization of a promoter-seques- 

tered oligonucleoside with a target sequence, and the production of RNA transcripts from promoters of different orien- 
tation. The double-stranded promoter region is generated using a cutting agent, such as a restriction endonudease, to 
^1 generate a free 3'-OH terminus within the region hybridized to the target, and a DNA polymerase to extend that 3' ter- 

: 45 minus. The promoter-sequeste. ^ oligonucleoside promot**- sequence is shown as a thick line. The arrow above or 
below the promoter sequence indicates the direction of RNA polymerase mediated transcription. 

Figure 7 illustrates target-triggered amplification using a promoter-sequestered oligonucleoside having a target- 
|J complementary region extending 3' of the stem and a promoter sequence oriented so that the 5' region of the oligonu- 

% deostde is used as a template for RNA transcription. The promoter-sequestered oligonucleoside pn^moter sequence is 

so shown as a thick line. The an'ow above the promoter sequence indicates the direction of RNA polymerase mediated 
transcription. "CPS" refers to a promoter-complementary oligonucleotide having a complementary promoter sequence. 

Figure 8 illustrates multiple rounds of target-triggered amplification using a promoter-sequestered oligonucleoside 
having a target-complementary region extending 5' of the stem. The promoter-sequestered oligonucleoside promoter 
sequence is shown as a thick line. The arrow above the promoter sequence indicates the direction of RNA polymerase 
55 mediated transcription. 

Figure 9 provides the nucleic acid sequences, and illustrates the secondary structures, for oligonucleotides of SEC 
^ ID. Nos. 1 -5. The arrow indicates the start site and the direction of transcription. 

Figure 10 provides the nucleic acid sequences, and illustrates the secondary structures, for oligonucleotides of 
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J SEQ. ID. Nos. 6-1 2. The arrow indicates the start site and the direction of transcription. 

I Figure 1 1 provides the nucleic acid sequences, and illustrates the secondary structures, for olrgonucleotides of 

SEQ- la Nos. 13-19. 

5 Detailed Description of the Invention 

'4. The present invention features promoter-sequestered oligonucleosides which can be triggered by the presence of 

a target sequence to amplify a nucleic acid. The promoter-sequestered oligonucleoside can be employed in different 
j schemes to use templates from different sources including nucleic acid present in the target sequence, nucleic acid 

1 10 present in the promoter-sequestered oligonucleoside, and nucleic acid present in an oligonucleotide containing a pro- 
M moter-conplementary sequence and an additional template sequence. Figures 1-8 illustrate different promoter- 

sequestered oligonucleosides, formation of a double-stranded promoter in the presence of a target sequence, and tar- 
get-triggered amplification in the presence of a target sequence. Various different promoter-sequestered oligonucleo- 
side designs, and amplification schemes involving the promoter-sequestered oligonucleoside are described in these 
4 15 figures and the description provided herein. These different descriptions are not intended to limit the invention, but 
rather illustrate different aspects and embodiments of the invention. 

I. Definitions 

'i 20 Definitions along with preferred embodiments of some of the terms described in the present application are pre- 
sented in this section. This section is not intended to provide a definition of all of the terms used in the present applica- 
tion, but rather provides a reference section for several of the terms used throughout the application. 

**Amplifying condtttons" refer to conditions compatible with RNA polymerase mediated amplif icatksn by transcription 
of nud&c acids. Such conditions include the presence of an RNA polymerase, ribonucleotide substrates for the RNA 
M 25 polymerase, appropriate buffer conditions for the RNA polymerase, and an appropriate temperature for the RNA 
1 polymerase. The Importance of these different conditions is known in the art. E^;., see, Kadan et aL, U.S. Patent No. 

^ ' 5.399.491; Burg et a/.. US. Patent No 5.437,990; Gingeras et af.. International Application No PCTAJS87/01966. 

- International Publication No. WO 88/01302; Gingeras et a/.. International Application No. PCT/US88/02108, Interna- 

tional Publication No. WO 88/10315; Davey and Maiek, EPO Application No. 881 13948.9, European Publication No. 0 
I 30 329 822 A2; Maiek etaL, U.S. Patent No, 5.130,238; Urdea, International Application No. PCT/US91/00213, Interna- 
tional Publication No. WO 91/10746; McDonough et aL, International Application No. PCT/US93/07138. International 
Publication No. WO 94/03472; Kacian ef a/.. International Publication No. PCT/US93/04015, International Publication 
No. WO 93/22461 ; Ryder ef a/.. International Application No. PCT/US94/08307, Intemational Pii)licatton Number WO 
95/03430; Daltagupta, US. Patent No. 5,215,899; and Dattagupta, European Patent Application 90120652.4, Publica- 
35 tion Number 0 427 074 A2. (Each of tiiese references are hereby incorporated by reference herein.) 

/Amplifying conditions preferably involve incubation at a temperature of about 22**C to about 42*C, more preferably, 
incubation is carried out at about 37*^0. However, amplification can be carried out at higher or lower temperatures. For 
example, a higher temperature can be used in conjunction with appropriate promoter-sequestered oligonucleoside con- 
structs having longer length stems and enzymes compatible with the higher tenperatijire. An example of a preferred 
40 amplification condition is i6 .uL of buffer containing 200 mM tris(hydroxymethyl)aminomethane-HCI (Tris-HCI) (pH 8.1). 
50 mM spermidine, 25 mM dithiothrietol (DTT), 250 ng/ml bovine serum albumin (BSA), 0.05% (v/v) Triton X-100, 400 
mg/mL polyethylene glycol (PEG) 8000 and 100 mM MgClg, 2 juL of 40 mM ATP GTP. OTP and UTP, 1 ^iL of RNasin 
(40 units) and T7 RNA Polymerase (200 units), which are incubated at 37*C for 2 hours. 
^ Promoter-sequestered "nudeic acid" refers to an olic '^nucleoside having nucleoside subunits covalentiy joined 

45 together. Preferably, the nucleoside subunits are joined together by phosphodiester bonds to allow for hydrogen-bond- 
ing between complementary nucleic acid purine or pyrimidine bases. However, other types of linkages, such as phos- 
J phorothioate, methylphosphonate, and non-nucleotide linkages, can be employed to allow lor hydrogen-bonding 

between complementary nucleic acid purine or pyrimidine bases. 

"Promoter-complementary oligonucleotide" refers to an oligonucleotide sufficiently complementary to the pro- 
50 moter-sequestered oligonucleoside promoter sequence to hybridize to the promoter sequence under amplifying condi- 
tions in the presence of target sequence and form a functional double-stranded promoter region. Preferably, the 
promoter-complementary oligonucleotide contains a region perfectly complementary to the promoter-sequestered oli- 
gonucleoside promoter sequence. The promoter-complementary oligonucleotide can also have a template sequence 
located 5* of the promoter sequence. 
55 "Functional double-stranded promoter region" refers to a promoter region sufficiently double-stranded such that it 
^ is recognized by an RNA polymerase which then can proceed to catalyze RNA polymerase mediated transcription. 

■ "Isothermal" mediatea amplification conditions refer to conditions wherein the temperature is not cycled to afterna* 

tively: (1) syntiiesize a complementary nucleic acid duplex; and (2) separate the two complementary sti'ands of the 
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duplex. Preferably, isothermal conditions refer to a constant temperature were little, preferably no, temperature fluctua- 
tions occur Preferably, the temperature stays within a range of + 5**C, more preferably ± 2^C, most preferably ± 0.5°C. 

"Non-complementary region" refers to a nucleic acid sequence which does not hybridize to the target sequence 
under amplification conditions to trigger amplification. Non-complementary regions located downstream of the pro- 
5 moter sequence can serve as templates for RNA polymerase mediated amplification upon formation of a functional 
double-stranded promoter region. Amplified non-complementary sequences have different uses, for example, the non- 
complementary region can be used to produce a reporter sequence which is detected, can be used to produce a 
sequence which can be immobilized by a capture probe, and can be used to facilitate multiple rounds of amplification 
by serving as a target sequence after an initial round of amplification. 
4 '0 By "substantially within the loop** is meant all of the pronx)ter sequence, or a sufficient amount of the promoter 
1 sequence, is single-stranded so that the promoter sequence contains less than 40% the activity of a double-stranded 

1 promoter. In preferred embodiments the promoter sequence contains less that 20%. less than 10%. and less than 5% 

of the activity of a fully double-stranded promoter. 

By "substantially complementary" is meant two nucleic acid strands having a sufficient amount of complementarity 
ts to form a stable nucleic acid duplex under annptifying conditions. Preferably, substantially cornplementary sequences 
f are perfectly complementary. 

Target sequence" refers to a nucleic sequence which can hybridize to a region of the promoter-sequestered otigo- 
nucleoside under amplifying conditions. Preferably, the target sequence is a nucleic acid sequence sought to be 
detected. More preferably, the target sequence is a naturally occurring sequence, even more preferably, the target 
] 20 sequence is a sequence present in a cell, tissue or organism. Examples of preferred target sequences include 
sequences characteristic of a human gene, microorganism, group of microorganisms, or a virus. 

Target-complementary regions able to hybridise to the target sequence can be designed using standard techniques 
taking into account the use of the promotor-sequestered digonucleoside. For example, promoter-sequestered oligonu- 
cleosides used in diagnostic assays are preferably designed to specifically hybridize to the target sequence in the pres- 
25 ence of related non-target sequences. Numerous references have been published describing the design of 
^ oligonucleosides to specifically hybridize to a target sequence. For example, Hogan et ai. International Application No. 

5| PCT/US88/03009 International Publication Number WO 88/03957 describes the design of oligonucleoside probes able 

to detect the presence of a microorganism or group of microorganisms; McOonough et af„ International Application No. 
PCT/US94/03130. Publication No. WO 94/23069 and McDonough ef a/.. International Application No. 
\ 30 PCT/US93/04004. Publication No. WO 93/22469. describe oligonudeoside probes to detect the presence of a virus by 
hybridization to a sequence characteristic of the virus; and Sambrook et aL, Molecular Cloning: A Laboratory Manual 
(Cold Spring Harbor Laboratory Press, 1 989) describes different factors affecting oligonucleotide specificity such as the 
degree of complementarity between the oligonucleotide and target nucleic acid sequerK:es and tiie hybridization con- 
ditions. (Each of these references are hereby incorporated by reference herein.) 

35 

II. Promoter-Sequestered O liaonucieoside Design 

Promoter-sequestered oligonucleosides have a stem-loop sb-ucture where tiie loop region contains ail or part of a 
promoter sequence. The stem contains two substantially complementary nucleic acid sequences able to form a hybrid 
40 under amplifying conditions. One of the two sequences making up the stem also contains a target-complementary 
region which is substantially complementary to a region of the target nucleic add. Preferably, the promoter sequencers 
located substantially within the loop. Numerous variations of the promoter-sequestered oligonucleoside can be con- 
structed based on the teachings provided herein, 
,^ An example of a promoter-sequestered oligonucleoside is provided in Figure 1 . Referring to Figure 1 , a promoter- 

' ' 45 sequestered oligonucleoside (Ifi) is shown having a ster.i-loop secondary structure. The stem (12) is held together by 
intramolecular hydrogen bonding between two substantially complementary sequences: a 3' intramolecular binding 
region (IS) and a 5* intramolecular binding region (gg). The loop (14) is single-stranded. The stem (12) is covalentiy 
% joined at its 3' end to a single-stranded nucleic acid region (H). and covalentiy joined at its 5' end to anotiier single- 

^. stranded nucleic acid region (24). The 3' end region (UJ contains a non-complementary region (1 5) joined to the 3* end 

50 of the single-stranded nucleic acid region (16). 

The target-complementary region shown in Figure 1 Is located 3' of the loop region and Is made up of tiie 3* 
intramolecular binding region ( 18) and the single-strarxied nucleic acid region (16). The 5* end of the Intramolecular 
birxjing region (1§) is covalentiy joined to the 3' end of the loop region ( 14) which is shown containing a single-stranded 
promoter sequence (2Q). The 5' end of the loop region (14) is covalentiy joined to the 3' end of the 5* intramolecular 
55 binding region (gg). which is covalentiy joined at its 5' end to the 3* end of a 5' nucleic acid sequence (24). 

Single-stranded regions such as 11 and 24 shown in Figure 1 are potential sites for RNA polymerase invasion in 
^ the absence of a target sequence. Thus, it is desirable to have one or more RNA polymerase inhibitory sites on the pro- 

moter-sequestered oligonucleoside which decrease, and preferably, prevent RNA polymerase invasion in the absence 
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of target nucleic add. Examples of RNA polymerase inhibitory sites include non-nucleotide linkers placed In a single- 
stranded region or the stem. RNA polymerase inhibitory sites should not be positioned on nudeic acid which is intended 

to be used as a template. 

Figure 2 provides examples of promoter-sequestered oligonucleosides having different placements of target-com- 
plementary regions. Referring to Figure 2, (a) shows a target-complementary region which extends the 3' end of the 
promoter-sequestered oligonucleoside: (b) shows a promoter-sequestered otigonucleoside in which the target-comple- 
mentary region is contained wholly within the intramolecular binding region; and (c) shows a target-compiementary 
region which extends into a single-stranded region 5' of the 5* intramolecular binding region. Illustration (c) in Figure 2. 
also illustrates a promoter-sequestered oligonucleoside containing a separate additional oligonucleoside, shown as 
"Sep. Oligo." 

Figure 3 provides examples of promoter sequence locations in the loop region and provides examples of different 
placements for target-complementary regions. Referring to Figure 3, (a) illustrates a target-complementary region 
present in part of the 3' intramolecular binding region and a promoter sequence which extends into part of the 3' 
intramolecular binding region; (b) illustrates a target-complementary region present in the 3' intramolecular binding 
region and a promoter sequence which is exclusively present in the loop; and (c) illustrates a target-complementary 
region present in part of the 5* intramolecular binding region and ,:^ron[ioter sequence which extends into part of the 5' 
intramolecular binding region. In a preferred embodiment, the promoter sequerrce is positioned so that transcription 
starts 0-4 bases from the 3* end of the 5' intramolecular binding region. 

In different embodiments describing the loop region in relation to the size of the promoter sequence, the loop region 
is no more than twice the size of the promoter sequence, no more than one and half times the size of the promoter 
sequence, or about 4 bases greater in size than the promoter sequence. 

Different promoter sequences able to form a functional double-stranded promoter region can be incorporated into 
a pronrx>ter-sequestered oligonucleoside. Examples of suitable promoter sequences include those recognized by T7. 
T3. or SP6 RNA polymerases, in general, preferred RfsIA polymerases are those that recognize and utilize a double- 
stranded promoter region, exhbit specificity ior a promoter sequence, transcribe RNA at a suitable rate, and make a 
sufficient number of copies of RNA to achieve the desired level of amplification. Preferably, the promoter-sequestered 
oligonucleoside contains a promoter sequence not found in the sample being tested when the promoter-sequestered 
oligonucleoside is used for diagnostic purposes. 

RNA polymerase mediated amplification involves adding nucleotide substrates to a growing nucleotide polymer in 
a 5' to 3' direction using a nucleic acid template strand running 3* to 5'. When a functionai double-stranded promoter 
region is present in a nucleic acid duplex, RNA polymerase mediated amplification can occur using one oif the two 
duplex strands as a template depending upon the orientation of the promoter. 

Figure 4 Illustrates one way in which a promoter-sequestered oligonucleoside having a 5' target-complementary 
region, where part of the target-complementary region consists of a single-stranded region 5* to the 5' intramolecular 
binding region, hybhdizes to target sequence and, thtereby, renders the promoter sequence more accessible for double- 
stranded promoter formation. Referring to Figure 4. in step (a) the pronnoter>sequestered oligonucleoside is combined 
with nucleic acid containing a target nucleic acid sequence. The promoter-sequestered oligonudeoside is shown hav- 
ing a target-complementary region having two subsequences. The subsequence (a) is located in the 5* intramolecular 
binding region. The subsequence (b) extends from the 5' end of the 5' intranrolecular binding region and is contiguous 
with subsequence (a). A 3' intramolecular binding region complementary to (a) is present (ac'). A sequestered promoter 
region is shown by a thick line within the loop. The target region is shown having two parts: (ac) which is complementary 
to (a), and (b^^) which is complementary to (b). Step (b) illustrates hybridization of subsequence (b) to complementary 
target region (be) Step (c) illustrates hybridization of subsequence (a) to complementary target region (ac) and unfolding 
of the stem-loop. 

Stem-loop unfolding is thermodynamically favored because the promoter-sequestered oligonucleoside target-com- 
plementary sequence (a) -(b) is longer than the shorter length intrastrand complement (a'c)-(a). The longer length inter- 
strand oligonucleoside:farget hybrid has a higher Tj^, and is more stable than the shorter length intrastrand 
oligonucleoside hybrid. 

The relative strengths of the interstrand and intrastrand hybrids should be such that the promoter is effectively 
sequestered in the absence of target, but effectively accessible when target is present. The relative strengths of the 
hybrids can be adjusted, for example, by varying the relative lengths of the sequences, choosing regions such that dif- 
ferences in base composition afford increased discrimination, and/or incorporating modified bases into the intramolecu- 
lar binding region (preferably into the non-target-complementary region) that alter duplex stability Methods of altering 
the stabilities of nucleic acid duplexes are well-known to those of ordinary skill in the art. See. for example. The Bio- 
chemistry of the Nucleic Acids (1 1th ed. Adams, ed. 1992). Chapter 2. 

The target-complementary region shoufd be designed to be sufficiently complementary to a target nucleic acid to 
hybridize under amplification conditions. Amplification is carried out using stringency conditions compatible with RNA 
polymerase activity. Under such conditions, the likelihood of hybridization to non-target sequences increases compared 
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to high stringency conditions such as those typically used to detect a target sequence with a detection probe. 

Under low stringency hybridization conditions the degree of non-complementarity between two nucleic acid strands 
that is compatible with the formation of stable hybrids increases. Unfolding of the promoter-sequestered oligonucieo- 
side stem involves breaking apart intramolecular hydrogen bonds within the stem and forming an intermolecular hybrid 

5 with the target sequence. Thus, promoter-sequestered oligonucleosides should be designed were the two nucleic acid 
sequences making up the stem are highly complementary, preferably perfectly complsmentary. Such promoter-seques- 
tered oligonucleosides will require a high degree of complementarity between the target-complementary region and the 
target sequence to achieve stem unfolding. Preferably, the target-complementary nucleic acid sequence has at least 8 
out of 10 contiguous nucleosides perfectly complementary to a target sequence, more preferably at least 9 out of 10 

10 bases, and even more preferably at least 1 0 out of 1 0 perfectly complementary bases. 

The promoter-sequestered oligonucleoside can be used in a diagnostic assay, or for other applications where tar- 
get sequences may be present In diagnostic applications, the stability of hybrids formed between the target-comple- 
mentary region and non-target sequences should also be considered. Design of promoter-sequestered 
oligonucleosides for such applications is preferably done by Identifying target regions suitable for specific hybridization 

IS with oligonucleotide probes under RNA polymerase mediated amplification corxiitions. The choice of a particular RNA 
polymerase will dicta* ^ the BNA polymerase mediated amplification conditions. If an appropriate target sequence for a 
promoter-sequestered oligonudeoside cannot be identified for use with a particular RNA polymerase under a particular 
set of amplification conditions, hybridization stringency may be altered by adjusting reaction conditions such as by using 
a different polymerase with different requirements for divalent cation concentration, total ionic strength, and pH. 

20 Once candidate target and target-complementary sequences have been (dentif led. the size and composition of the 
different parts of the target-complementary subsequences within and outside of the Intramolecular binding region can 
be adjusted to achieve sufficient discrimination between the stabilities of the interstrand targetipromoter-sequestered 
oligonucleoside hybrid and the Intrastrand promoter-sequestered oligonucleoside hybrid. 

Preferably, promoter-sequestered oligonucleosides having DNA target-complementary regions are used in con- 

25 junction with RNA targets to facilitate unfolding of the promoter-sequestered oligonucleoside. RNA:DNA hybrids have a 
higher T^, and hybridization rate compared to DNA:DNA hybrids having the same base sequence. Thus, the RNA:DNA 
interstrand hybrkl formed between the promoter-sequestered oligonucleoside and RNA target is more stable than the 
promoter-sequestered oligonudeoside intrastrand DNAiDNA hybrid allowing the RNA target to out compete the intras- 
trand promoter-sequestered oligonudeoside lor the target-complementary region. 



30 



III. Promoter-Sequestered Oligonudeoside ConsAnjction 



; Promoter-sequestered oligonucleosides having a particular nucleic acid base composition can be constructed 

using standard techniques. The promoter-sequestered oligonucleoside may be comprised solely of the common indi- 
36 vidual nucleoside monophosphates, adenosine, thymidine, guanosine. arKi cytosine. The promoter-sequestered oligo- 
nudeoside may also contain different combinations of one or more, ribonudeosides, modified ribonucleosides. 
deoxyribonudeosides. and modified deoxyrPDonudeosides . joined by phosphodiester linkages or non-phosphodiester 
linkages. 

Different deoxynucleosides. deoxyribonudeosides and modifications thereof, and internudeoside linkages, can be 
40 used as long as the modification and linkage allows the promoter-sequestered oligonucleoside to trigger amplification 
in the presence of target sequence. Modifications and linkages which should be avoided Include those which destabilize 
the promoter-sequestered oligonudeoside such that a stem-loop Is not formed In the absence of target under amplify- 
ing conditions, those which do not allow the promoter-sequestered oligonucleoside to form hydrogen bonds with com- 
^ plementary nucleotides present on the target sequence and which would thereby prevent hybridization to the target 

45 sequence, those which inhibit or prevr^'^ RNA polymerase binding to the desired template, and those which abolish 
RNA polymerase activity using the desired template. 
J Different types of nucleosides can affect promoter activity. For example, ribonudeosides present in the promoter 

M sequence decreases RNA polymerase activity. 

"I Certain modifications to nudeosides or linkages joining nucleosides can influence the Tr^, of the intrastrand pro- 

50 moter-sequestered oligonucleoside duplex, can influence the T^^ of the promoter-sequestered oligonucleoside itarget 
duplex, and can influence promoter activity. 

Examples of nucleoside modifications include modified purine or pyrimidine bases such as N'^-methyl deoxygauno- 
sine, deaza or aza purines and pyrimidines used In place of natural purine and pyrimidine bases, pyrimidine bases hav- 
ing substituent groups at the 5 cr 6 position, and purine bases having an altered or a replacement substituent at the 2. 
55 6 or 8 positions. See, Cook International Application No. PCT/US92/1 1 339. International Publication No. WO 93/1 3121 
(hereby incorporated by reference herein). 
^ Another example of nucleoside modifications are those to the sugar moieties such as the presence of a 2'-aikoxy 

{see. Miller et al„ international Application No. PCT/US94/00157, International Publication No. WO 94/15619; and 
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McGee et al.. International Application Na PCT/US93/06807, International Publication Number WO 94/02051 . both of 
] which are hereby incorporated by reference herein); "gapped" 2' modified oligonucleosides {see. Cook International 

;j Application No. PCT/US92/11339, International Publication No. WO 93/13121); and cyclobutyl moieties connected by 

i linking moieties, where the cyclobutyl moieties have heterocyclic bases attached thereto as described by Cook et al., 

d 5 International Application No. PCT/US93/01579. International Publication No. WO 94/19023 (hereby incorporated by 

^: reference herein). 

^ Examples of different linkages which can be used to join nucleosides of a promoter-sequestered oligonudeoside 

Include phosphodiester linkages, phosphorothioate linkages, methylphosphonate linkages, and non-nudeotide link* 
I ages. 

|| TO Organic synthesis of oligonucleosides can be carried out by joining nucleosides In a step wise fashion. Publications 
m describing organic synthesis of oligonucleosides include Eckstein, F, Oligonucleotides and Analogues, A Practical 

% Approach, chapters 1-5, 1991, which reviews organic synthesis of oligonucleotides; Caruthers et al.. In Mettiods In 

Enzymology vol. 1 54 p. 287 (1 987), which describes a procedure for organic synthesis of oligonucleosides containing 
; phosphodiester linkages using standard phosphoramidite solid-phase chemistry; Bhatt, U.S. Patent No. 5.252,723, 

^ IS which describes a procedure for organic synthesis of oligonucleosides containing phosphorothioate linkages ; and Klem 

■1 et aL, WO 92/07864, which describes organic synthesis of oligonucleosides having different internucleoside linkages 

including methylphosphonate linkages. (Each of these references are hereby incorporated by reference herein.) 

Different modifications can be made at or near the 3' end of a promoter-sequestered oligonudeoside to obtain a 
^ blocked 3* terminus. Modifications to nucleic acid to inhibit elongation of a 3' nucleic acid terminus by a nucleic acid 

j so polymerase, completely or partially, are described by Kacian ef a/.. International /\pplication Number PCT/US93/0401 5. 

I International Publication Number WO 93/22461, hereby incorporated by reference herein. Suitable blocking groups 

j such as 3' terminal phosphorothioate, 3*-non-nuc!eotide linkage, 3'aJkane-diol residue, and 3'-cordycepin. can be incor- 

j porated into an oligonudeoside using standard techniques. For example, phosphorothioate linkages can be obtained 

using techniques referenced above, non-nucleotide linkage synthesis can be carried out as described by Arnold et aL 
M ss International /Application No. PCT/US88/03173. international Publication No. WO 89/02439, and alkane-diot modifica* 

P tion can be canried out as described by Wilks et a/. Nucleic Acids Res. 18:2065, 1990. 

IV. Amplification of Nudeic Acid Sequence? 

1 30 Amplification of nucleic add sequences can be carried out using one or more promoter-sequestered oligonudeo* 

I sides. Depending upon the design of the promoter-sequestered oligonudeoside and tiie anrpltfication scheme 

1 employed, nucleic acid sequences present on the promoter-sequestered oligonudeoside or nucleic acid not present on 

: 1 the promoter-sequestered oligonudeoside can be amplified. For example, tiie promoter-sequestered oligonudeoside 

can be designed to amplify target nudeic acid present on a target strand, nudeic acid present on a promoter-seques- 
35 tered oligonudeoside, and nudeic add complementary to that present on a promoter-sequestered oligonudeoside. 
Additionally, non-complementary sequences added to the 5* end of the promoter-sequestered oligonudeoside and 
sequences present on target . -udeic add located 5* to the target sequence can also be amplified. 

A double-stranded promoter region for RNA polymerase mediated amplification according to the present method 
can be produced using different techniques induding the fdlowing; (1) hybridization of a promoter-complementary oli- 
40 gonucleotide to the promoter-sequestered oligonudeoside promoter sequence; (2) hybridization of an extendable 
primer 3* of the promoter-sequestered oligonudeoside promoter sequence followed by primer extension; and (3) by 
using nicking or cutting agents, such as restriction endonucleases, to produce a free 3' -OH terminus on one strand fol- 
lowed by primer extension from that 3' terminus, 
I Figures 5 and 6 illustrate different techniques which can be used to form a double-stranded promoter region. Refer- 

45 ring to Figure 5, the left hand oide illustrates the formatior M a double-sti'anded promoter using a primer which hybrid- 
izes 3' to the promoter and which is extended using a DNA polymerase. Examples of DNA polymerases suitable for this 
si purpose include DNA polymerase from Thermus aquaticus (Taq DNA polymerase) and T4 DNA polymerase. Suitable 

i reaction conditions for these and other suitable DNA polymerase are known to those of ordinary sWII in the art. (E.g., 

See, Sambrook, et aL, Molecular Cloning: A Laboratory Manual (2d. ed. 1 989), Volume 1 , Chapter 5.) 
50 According to this strategy, the primer can be designed to hybridize at various distances from the promoter and may 
even hybridize to a portion of the promoter. The primer may also be complementary to a portion of the target sequence. 
Primers having any complementarity to a portion of the target sequence should be designed so as not to cause stem- 
loop unfolding in the absence of the target sequence. The primer should be complemerttary to only a small portion of 
the target sequence, if at all. 

55 The left hand side of Figure 5 also illustrates the use of a promoter sequence oriented to use the sequence present 
^ on the strand complementary to the promoter-sequestered oligonudeoside as a template. If a promoter sequence of 

^ the opposite orientation was used in the left hand side of Figure 5, multiple copies of (ac-bc), rather than (ac), would 

have been produced. 
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The right hand side of Figure 5, illustrates the use of a promoter-complementary oligonucleoside to form a double- 
stranded promoter region by hybridizing to the promoter sequence. The production of multiple copies of nucleic acid 
complementary to a promoter-sequestered oligonucleoside sequence 5' to the promoter region is shown in the figure. 
Figure 6 illustrates the formation of a double-stranded promoter using a nicking or cutting agent and a nucleic acid 

5 polymerase, and amplification using promoters of different orientations. Different cutting agents may be used to selec- 
tively nick or cut the target nucleic acid within the promoter-sequestered oligonucleoside.target duplex. Examples of 
suitable cutting agents/promoter-sequestered oligonucleoside combinations include: (1) restriction endonucleases, in 
conjunction with a promoter-sequestered oligonucleoside containing a site providing resistance to endonuclease cut- 
ting so that only the target nucleic acid strand is cut by the restriction endonuclease; and (2) enzymes having RNase H 

70 activity, in conjunction with a promoter-sequestered oligonucleoside having deoxynucleotides located 3' of the prompter 
and present in a promoter-sequestered oligonucleoside: RNA target duplex. Examples of nuclease-resistant cleavage 
sites compatible with different restriction endonucleases are provided by Richards, Publication No. WO 92A)5287. 
hereby incorporated by reference herein. 

Prefen'ed restriction enzymes for use as nicking or cutting agents are those which are active under amplification 

IS conditions. Two factors in choosing appropriate restriction enzymes are the conditions in which they are active and the 
relative speed of the restriction enzyme cleavage reaction as compared to RNA polymerase activity. For example, if the 
restriction enzyme is active under RNA polymerase mediated amplification conditions, little amplification may occur due 
to one strand of the promoter region being continuously cut off. Howwer. signification amplification can be achieved by 
balancing conditions compatit>le with both transcription mediated amplification and restriction enzyme activity. 

20 Alternatively, RNA polymerase mediated amplification conditions can be employed which are incompatible with 
restriction enzyme activity. In this instance, after cutting with a restriction enzyme, the conditions can be adjusted to 
facilitate amplification and inhibit restriction enzyme awJvay. 

Enzymes having RNase H activity for use in this embodiment should be chosen to be compatible with the promoter- 
sequestered oligonucleoside sequence. For example. RNase H found in avian myeloblastosis virus (AMV) reverse tran- 

25 scriptase and Moloney murine leukemia virus (MMLV) reverse transcriptase cut RNA of an RNArDNA duplex at partic- 
ular sites. (See, e.g., Kacian et ai. U.S. Patent No. 5.399,491 hereby incorporated by reference herein). RNase H 
enzymes having such cleavage specificity are preferred since the use of such enzymes will leave a sufficient portion of 
target RNA intact to prime the synthesis of a double-stranded promoter region. 

However. RNase H enzymes having less specificity can also be used by adjusting the promoter-sequestered probe 

30 composition accordingly. The nucleoside composition of promoter-sequestered oligonucleoside can be adjusted to con- 
tain sites which provide RNA present in an RNA:promoter-sequestered oligonucleoside hybrid witii resistance to 
RNase H activity. For example, the promoter-sequestered oligonucleoside target complementary region can contain 
nucleosides unable to serve as substrate for RNase H such as ribonucleosides which when present in an RNArRNA 
duplex would prevent the target RNA from being cut by RNase H activity. 

35 Figures 7 and 8 provide examples of target-triggered amplification using a promoter-sequestered oligonucleoside 
and show different possible mechanisms which can be used to achieve multiple rounds of amplification. Figure 7, illus- 
trates amplification using a promoter-sequestered oligonucleoside having a target-complementary region extending 
from its 3' end, a promoter sequence oriented to use promoter-sequestered oligonucleoside nucleic acid as a template, 
and using a promoter-complementary oligonucleoside. Figure 8 illustrates a cyclic amplification process using a pro- 

40 moter-sequestered oligonucleoside having a target-complementary region extending from its 5' end and a promoter 
sequence orientated to use promoter-sequestered oligonucleoside nucleic acid as a template, and using a promoter- 
complementary oligonucleotide. 

Referring to Figure 7. the target-complementary region is shown having subsequences labeled (a) and (b). The tar- 
get-complementary subsequence (b) is joined at its 3* end to subsequence (a), and is joined at its 5* end to the loop 

45 containing the promoter sequence (thick line). The loop is joined at its 5' end to the 3' end of the 5' intramolecular bind- 
ing region (bg) which is joined to region (Cc). The target nucleic acid is shown having region (ac), which is complemen- 
tary to (a), and region (be), which is complementary to (b). Step (a) shows the promoter-sequestered oligonucleoside 
and target nucleic acid prior to hybridization. Step (b) illustrates the promoter-sequestered oligonucleoside hybridized 
to tiie target and the formation of a double-stranded promoter region using a promoter-complementary oligonucleotide 

so (CPS). Step (c) illustrates tiie production of b-c RNA transcripts. Further cycling can be carried using the promoter- 
sequestered oligonucleoside shown in step (a) and the transcripts shown in step (c), by b^-Cc now becoming the target- 
complemGntary region and b-c becoming the target sequence (e.g. , see Figure 8). 

Figure 8 steps (a), (b) and (c) further illustrate cycling of RNA transcripts. Refemng to Figure 8, the target-comple- 
mentary region is shown having subsequences designated (be) and (Co)- The 3' intramolecular binding region (b) is 

55 joined at its 5' end to the loop containing the sequestered promoter sequence (thick line), which is joined at its 5' end to 
a target-complementary subsequence (be) (present in the 5' intramolecular binding region), which is joined at its 5' end 
to the target-complementary subsequence (Cc). The target nucleic acid is shown having region (b) which is complemen- 
tary to (be) and region (c) which is complementary to (cj. Step (a) shows the promoter-sequestered oligonucleoside 
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and target nucleic acid prior to hybridization. Step (b) illustrates the promoter-sequestered oligonucleoside hybridized 
i to the target and to a promoter-complementary oligonucleotide (CPS). Step (c) illustrates the production of RNA tran- 

I scripts using downstream promoter-sequestered oligonucleoside nucleic acid as a template. Step (d) illustrates cycling 

I of RNA transcripts to produce additional RNA transcripts. 

4 5 

V. Detection of Amplified Nucleic Acid 

I 

Amplified nucleic acid can be detected using \mrious techniques including the use of radiolabeled nucleotide pre- 
j cursors and labeled detection probes. Diagnostic applications are preferably carried out using detection probes to 

^ 10 detect amplified nucleic acid as an indication of the presence of target sequence. 

3 Detection probes can be designed to hybridize to the amplified nucleic acid using standard techniques. If desired, 

% or necessary, capture probes can be used to separate amplified nucleic acid from contaminants. 

Capture probes involve the use of an oligonucleotide bound to a support. The bound oligonucleotide can directly or 

indirectly immobilize amplified nucleic acid. Direct immobilization is achieved by the amplified nucleic acid directly 
^ IS hybridizing to the bound oligonudeottde. indirect immobilization is achieved by using at lease one linker oligonucleotide 

which has two regions: (1) a region at}le to hybridize to the bound oligonucleotide; and (2) a region able to hybridize to 

the arrplified nucleic acid. 

Separation of the amplified product may also be useful to allow for more stringent hybridization conditions to be 
>4 used during the detection step. Altematively, or additionally, the reaction conditions may be altered using methods 

20 known to those of ordinary skill in the art in order to change (generally increase) the stringency of hybridization. For 
j example, magnesium ion may be complexed by adding an equivalent or greater amount of ethyl enediaminetetraacetic 

i acid (EDTA) or another suitable chelator or can be bound to a chelating resin (e.g. , CHELEX®» Bio-Rad Laboratories); 

or the ionic strength may be reduced by techniques such as dilution or by use of ion exchange. 

In cases where the promoter-sequestered oligonucleoside contains sequences that may conrpete with the detec- 
^ 25 tion probe, prior removal of the promoter-sequestered oligonucleoside may be desirable. This can be achieved using 

1 various solid or liquid phase separation methods known to those of ordinary skill in the art such as through the use of 

^ a capture probe or by the use of RNase-f ree DNase when the competing promoter-sequestered oligonucleoside region 

is DNA, Alternatively, the probe may be used in amounts sufficiently in excess of those of the promoter-sequestered 
oligonucleoside so that competition between the probe binding site and the promoter-sequestered oligonucleoside is 
1 30 not significant. 

I Examples 

Examples are provided below illustrating different aspects and embodiments of the present irwen^. These exam- 
35 pies are not intended to limit the claimed invention. 

Example 1 : Reduction of Promoter Functionino bv Formation of Loop/Stem Structures 

This example illustrates the ability of different promoter-sequestered oligonucleoside structures to prevent the for- 
40 mation of a double-stranded promoter in the absence of target sequence. Oligonucleotides of SEQ. ID. Nos. 1 . 2. 3, or 
4 (1 X 10*^^ mole) in 16 jiL of k)uffer (200 mM tris(hydroxymethyl)aminomethane-HCl (Tns-HCl) (pH 8.1), 50 mM sper- 
midine. 25 mM dithiothrietol (DIT), 250 jig/ml bovine serum albumin (BSA), 0.05% (vA/) TRITON® X-100 non-ionic 
detergent. 400 mgAnL polyethylene glycol (PEG) 8000 and 100 mM MgCb) were incubated for 1 hour at 60^*0 in the 
'^i presence (2.5 X 10*^^ mole) or absence of a promoter-complementary oligonucleotide (SEQ. ID. No. 20: ATTAATACQA 

45 CTCACTATAG), The samples were then treated with 2 \xl of 40 mM ATP, GTP, OTP and UTP, 1 fxL of RNasin {40 units) 
and T7 RNA Polymerase (200 units) and incubated at 37° C for 2 hours. 
. )j After RNA polymerase-mediated amplification, the reactions were treated with SO fiL of water and 100 of 2X 

hybridization reagent (100 mM lithium succinate (pH 4.7), 2% (w/v) lithium dodecyl sulfate, 20 mM ethylenediamine tet- 
' ■ racetic acid (EDTA), 20 mM ethylene glycol-bis(p-aminoethyl ether) N.N.N'.N'-tetraacettc acid (EGTA), 15 mM Aldrithiol 

so and 3% ethanol). The RNA polymerase-mediated amplification products were assayed using an acridinium ester (AE) 
labeled detection probe as desaifc^ed by Nelson et aL, in Nonisotopic DNA Probe Techniques, p. 275 Academic Press. 
San Diego (Kricka. ed., 1992). 

The detection probe. SEQ. ID No. 21 : CAGAACACCA CCTTTCGCGA AATC. was labeled with acridinium ester 
and was designed to specifically hybridize to a region of the predicted RNA polymerase-mediated amplification prod- 
55 ucts. Ten microliters of the solution was treated with IX hybridization reagent and incubated at 60**C for 1 hour with 1 
^ picomole of probe. The acridinium ester present on unhybridized probe was hydrolyzed by adding a Selection Reagent 

(0.15 M sodium tetraborate, pH 8.5, and 1% TRITON® X-100 non-ionic detergent) and heating the sample to 60*^0 for 
9 minutes. Chemiluminescence was measured in a luminometer by injection of 0.1% H2O2 in 4 mM HNO3 immediately 
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followed by 1 N NaOH. 

The results are shown in Table 1 . The data illustrates transcription in the presence or absence of a promoter-com- 
plementary oligonucleotide. In both cases different promoter-sequestered oligonucleoside structures affected amplifi- 
cation. 



4 



Table I 



4 



10 



15 



20 



CPS 


SEQ. ID. NO. 1 


SEQ. ID. NO. 2 


SEQ. ID. NO. 3 


SEQ ID. NO. 4 




20.566 


29.965 


33.560 


11.913 


+ 


699,493 


184.894 


361.109 


45.834 


Structure 


linear 


24/24 


21/15 


26/10 


"CPS" refers to the promoter-complementary oligonucleotide. The data is shown as measured RLU values. "Struc- 
ture" refers to the number of bases in the double-stranded stem over the number of bases in the loop. SEQ. ID. NO. 
1 has a linear structure and, thus, does not contain a sequestered promoter. 



In comparing the results obtained when using different digonucleosides, those oligonucleosides having the same 
initiation sequences should be compared with, each other. SEQ. ID. Nos. 1. 2. 3, and 4 ail have the same initiation 
sequence. The data shown in Table I demonstrates that a decrease in RNA polymerase activity can be achieved virhen 
the promoter is sequestered by smaller loop regions in the absence of target. 

Oligonucleotides of SEQ. ID. Nos. 6, 7, 9. 10, 11 and 12 were also tested as described above, except 1 picomole 
of AE-labeled probe SEQ. ID. No. 22: CTAAAGCGCT TTCCACCACA AGAG was used to detect RNA polymerase- 
mediated amplification products, and the hydrolysis reaction lasted 10 minutes. SEQ. ID. Nos. 6 and 7 have same initi- 
ation sequence. SEQ. ID. Nos. 9 and 10 have the same initiation sequence, and SEQ. ID. Nos. 11 and 12 have the 
same initiation sequence. 

The effect of promoter sequestration upon promoter function Is shown in Table II. 



30 
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Table I 



GPS 


Exp. 


Oligonucleotide (SEQ. ID. No.) 






6 


7 


9 


10 


11 


12 




1 


5,623 


13.966 


1,076 


8,628 


1.109 


4,046 




2 


14,423 


7.596 


1.744 


7.932 


3.933 


4,619 




Ave. 


10.023 


10.776 


1,410 


8.280 


2.521 


4.333 




1 


1,140,520 


743.698 


5,389 


410.139 


9,112 


354.260 




2 


568,309 


419.044 


10.177 


429.199 


7,431 


78.447 




Ave. 


854,415 


581.371 


7.783 


419.669 


8,272 


216.354 


Structure 


linear 


25/24 


26/13 


linear 


26/13 


linear 


The data is shown as measured RLU values. 



i 



55 



The results shown in Table II demonstrate that the trends in Table I are not restricted to a particular target binding 
region or initiation sequences. 

Example 2: Effect of Using Sequestered Comolementarv Promoters Compared to Unseouestered Complementary Pro- 
moters 

This example further illustrates the ability of different promoter-sequestered oligonucleoside structures to prevent 
the formation of a double-stranded promoter in the absence of target sequence. Oligonucleotides of SEQ. ID, Nos. 6. 
7. 9. and 10 were subjected to the same RNA polymerase-mediated amplification conditions described in Example 1, 
and promoter-complementary oligonucleotides SEQ. ID. Nos. 13-19 were used to transcribe the target. RNA polymer- 
ase-mediated amplification products were analyzed using an acridinium ester labeled oligonucleotide as described 
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above in the second set of experiments of Example 1. The results are shown in Table I 

Table 111 



CPS 



Promoter-Sequestered SEQ. ID. No. 



SEQ. ID. NO. 


6 


7 


9 


10 


T7 


595.126 


109.609 


17.143 


596,905 


13 


21.181 


5.680 


4.004 


38.610 


14 


402.860 


13.469 


5.198 


190,229 


15 


16.605 


3.960 


3.692 


88.068 


16 


378.534 


24,521 


6,952 


314,827 


17 


7.469 


2.454 


2.185 


24,700 


18 


12,754 


2.681 


3,340 


19.004 


19 


135.519 


15.007 


4.093 


85.249 


Structure 


linear 


sequestered 


sequestered 


linear 



T7 refers to a T7 polymerase sequence. The data is shown as meas- 
ured RLU values. 
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25 The results show that less transcription is obtained using promoter-complementary oligonucleotides, themselves 
having a stem-loop structure, compared to that obtained with unsequestered promoter-complementary oligonucle- 
otides. The results also show that a reduction in activity may be even more pronounced when a stem-loop promoter- 
complementary oligonucleotide is combined with a promoter-sequestered oligonucleoside. 

30 Example 3: Hybridization of Promoter-Sequestered OliQonucleosides to Their Ta roet at Different Temperatures 

This example illustrates the ability of a ^^P-labeled target nucleic acid sequence to hybridize to promoter-seques- 
tered oligonucieosides at different temperatures. An RNA target of SEQ. ID. No. 23: GUCUUGUGGU GGAAAGCGCU 
UUAGCGGUGU GGGAUGACCC CGCG, was chemically synthesized. TTie RNA target was radioactively labeled by 

35 combining 1 3 picomoles (1 pL) of the target with 5 ^iL of [y-^^P] ATP (3,000 Ci/mmole, 10 mM). 1 of T4 polynucleotide 
kinase (1 0 units), and 2 pL of kinase buffer (500 mM Tris-HCI, pH 8.0. 1 00 mM MgCla. 50 mM DTT, 1 .0 mM EDTA and 
1 .0 mM spermidine), and 11 pL of water, and incubating the solution at 37**C for 1 .5 hours. After labeling, the solution 
was treated with 5 of 0.5 M EDTA. 200 pL of 5 M NH4OAC, 2 \iL of 40 pg/jiL of bovine serum albumin (BSA) and 800 
of ethanoL Tlie solution was cooled to -78''G for 10 minutes, then the labeled RNA pelleted by centrifugation. The 

40 supernatant was discarded and the pellet dissolved in 1 00 [iL water. 

^^P-labeled RNA (1 00 f emtomoie) was combined with 1 picomole of oligonucleotides SEQ. ID. NOs. 6, 8, 1 1 . or 1 2 
in 20 uL of transcription buffer (see Example 1) and heated to 37*'C, 60''C, or 75,*'C for 1 hour. The hybridized samples 
were treated with 5 yX. of non-denaturing loading buffer (40% sucrose, 0.25% xylene cyano! and 0.25% bromophenol 
blue). Fifteen microliters of each of the resulting solutions were loaded onto a 10% non-denaturing polyacrylamide gel 

45 in 1 X 0.045 M Tris-borate, 1 mM £l/ iA (pH 8.0) (TBE). Electrophoresis was performed at 9 W, 23 mA, and 750 V. The 
gel was then exposed to x-ray film for about 4 to about 1 6 hours, intensifying screens were used, and the film was devel- 
oped. 

Hybridization of the promoter-sequestered oligonucieosides to the labeled RNA target was observed as reduced 
mobility of labeled RNA through the non-denaturing gel. Bands indicating the formation of double-stranded hybrids 
50 were observed at all three temperatures. The ability to form a hybrid at 37*»C is useful for carrying out multiple rounds 
of amplification at an essentially constant temperature under conditions in which both hybridization and RNA polymer- 
ase mediated amplification occurs. 

The RNA target showed increasing degradation with Increasing temperature, thus binding of target to promoter- 
sequestered oligonucleoside was reduced. Binding of target to promoter-sequestered oligonucieosides SEQ. ID. Nos. 
55 6, 8, 1 1 and 12, was nearly quantitative as evidenced by the disappearance of the target band. 
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Example 4: Oliaonucleoside:Taraet Hybridization 



10 



This example further illustrates the ability of a promoter-sequestered oligonucleoside to hybridize to a specific tar- 
get. The experiment was carried out using two different protocols. In one protocol, one picomoie of promoter-seques- 
tered oligonucieosides SEQ. ID. Nos. 6. 7, 8, 11 or 12 was combined with 100 femtomole of ^^P labeled RNA target 
oligonucleotide SEQ. ID. No. 23 in 20 tiL of transcription buffer. In another protocol 100 femtomoles of ^^P labeled pro- 
moter-sequestered oligonucleoside was combined with 1 picomoie of unlabeled RNA target oligonucleotide SEQ. ID. 
No. 23 in 20 |iL of transcription buffer. In both protocols, the samples were then incubated at 60**C for 1 hour and then 
treated with 5 \iL of non-denaturing (oading buffer (see, Example 3). Ten microliters of each sample were loaded onto 
a non-denaturing polyacrylamide gel and subjected to electrophoresis as described in Example 3. 

The autoradiogram showed co-migrating labeled bands having the same size regardless of whether the tat^el is on 
the promoter-sequestered oligonucleoside or the target suggesting they are In same species, the hybridized duplex. 
Hybridization appeared to be very efficient under these conditions. 



'5 Example 5: Taraet-Triaaered Amplificaticn 

This example illustrates the use of different promoter-sequestered oligonucieosides to achieve target-triggered 
amplification. One femtomole of oligonucleotide SEQ. ID. Nos. 6, 7, 8, 9, 10, 1 1, or 12. was combined with 100 femto- 
mole of promoter-complementary oligonucleoside in transcription buffer in the presence or absence of 10 femtomole of 
20 target nucleic add SEQ. ID. No. 23. The oligonucleotides were subjected to the RNA polymerase mediated amplifica- 
tion conditions described in Example 1 . The production of RNA transcripts here measured using an A£-labeled probe 
as described in Example 1 . 

Table V. provides data illustrating annplHication in the presence and absence of target. 
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Table V 



SEQ. ID, NO. 


- Target 


+ Target 


Structure 


6 


1,347.325 


973.434 


linear 


7 


878,036 


357.302 


25/24 


8 


44.262 


173.511 


26/10 


9 


11,226 


18,806 


26/13 


10 


681,339 


667,722 


linear 


11 


8,518 


46,624 


26/13 


12 


123,156 


143,453 


linear 



The data is shown as measured RLU values. 



No significant enhancement of RNA polymerase mediated amplification in the presence of target sequence was 
observed with linear oligonucleotides of SEQ. ID. Nos. 6, 10 and 12. Significant enhancement of RNA polymerase 
mediated amplification in the presence of target sequence was observed for promoter-sequestered oligonucieosides of 
SEQ. ID. Nos. 8, 9 and 11. Promoter-sequestered oiigcnucleosides of SEQ. ID. Nos. 8 and 11 showed several fold 
(about 4 to 5.5 fold) increased RNA polymerase mediated amplification. 

Other embodiments are within the following claims. Thus, while several embodiments have been shown and 
described, various modifications may be made, without departing from the spirit and scope of the present invention. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 



(i) APPLICANT: 

(A) GEN-PROBE INCORPORATED 

(B) 10210 Genetic Centre Drive 

(C) San Diego 

(D) California 

(E) United States of America 

(F) 92121-4362 



(ii) TITLE OF INVENTION: TARGET -TRIGGERED AMPLIFICATION 

(iii) NUMBER OF SEQUENCES: 23 



(iv) COMPUTER READABLE FORM: 



(A) 



(B) 
(C) 



MEDIUM TYPE: 



COMPUTER: 
OPERATING SYSTEM: 
SOFTWARE: 



3.5" Diskette, 1.44 Mb 
storage 

IBM Compatible 
IBM P.C. DOS 5.0 
Word Perfect 5.1 



(V) CURRENT APPLICATION DATA: 



(A) ^APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 



17 



EP0851033A1 



10 



20 



30 



35 



40 



(2) INFORMATION FOR SEQ ID NO; 1: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 73 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

GTACAGAACA CCACCTTTCG CGAAATCGCC ACACCCTACT GGGGCGCCTC 50 
CCTATAGTGA GTCGTGTATT AAT 73 



(2) INFORMATION FOR SEQ ID NO: 2: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 97 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

GTACAGAACA CCACCTTTCG CGAAATCGCC ACACCCTACT GGGGCGCCTC 50 
CCTATAGTGA GTCGTGTATT AATGCGCCCC AGTAGGGTGT GGCGATT 97 



(2) INFORMATION FOR SEQ ID NO: 3: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 94 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

GTACAGAACA CCACCTTTCG CGAAATCGCC ACACCCTACT GGGGCGCCTC 50 
CCTATAGTGA GTCGTGTATT AATTATAGGG AGGCGCCCCA GTAG 94 
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(2) INFORMATION FOR SEQ ID NO: 4: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 97 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

GTACAGAACA CCACCTTTCG CGAAATCGCC ACACCCTACT GGGGCGCCTC 50 
CCTATAGTGA GTCGTATTAA TCTCACTATA GGGAGGCGCC CCAGTAG 97 



(2) INFORMATION FOR SEQ ID NO: 5: 
^ (i) SEQUENCE CHARACTERISTICS- 



(A) LENGTH: 88 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
i 25 (O) TOPOLOGY: linear 



(ii) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

GTACAGAACA CCACCTTTCG CGAAATCGCC ACACCCTACT GGGGCGCTAT 50 
30 AGTGAGTCGT ATTAGCGCCC CAGTAGGGTG TGGCGATT 88 



(2) INFORMATION FOR SEQ ID NO: 6: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 68 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

CGCGGGGTCA TCCCACACCG CTAAAGCGCT TTCCACCACA AGACCTCCCT 50 
ATAGTGAGTC GTATTAAT 68 



so 



(2) INFORMATION FOR SEQ ID NO: 7; 



55 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 93 base pairs 

4 ^ (B) TYPE: nucleic acid 

' (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

CGCGGGGTCA TCCCACACCG CTAAAGCGCT TTCCACCACA AGACCTCCCT 50 
ATAGTGAGTC GTATTAATGT GTTGTGGTGG AAAGCGCTTT AGC 93 



(2) INFORMATION FOR SEQ ID NO: 8: 
4 (i) SEQUENCE CHARACTERISTICS: 

i so (A) LENGTH: 95 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

g 25 (ii) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

CGCGGGGTCA TCCCACACCG CTAAAGCGCT TTCCACCACA AGACCCTCCC 50 
TATAGTGAGT CGTATTAATC TCACTATAGG GAGGGTCTTG TGGTG 95 

•i 

■1 ■ 

ij (2) INFORMATION FOR SEQ ID NO: 9: 

A 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 91 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

CGCGGGGTCA TCCCACACCG CTAAAGCGCT TTCCACCACA AGACGGGCGC 50 
TATAGTGAGT CGTATTAGCG CCCGTCTTGT GGTGGAAAGC G 91 



(2) INFORMATION FOR SEQ ID NO: 10: 
(i) SEQUENCE CHARACTERISTICS: 




BNSDOCID: <EP 0851033A1 J .s. 



20 



#1 

EP 0 851 033 A1 



(A) LENGTH: 67 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
5 (D) TOPOLOGY: linear 

(ii) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

CGCGGGGTCA TCCCACACCG CTAAAGCGCT TTCCACCACA AGACGGGCGC 50 

10 TATAGTGAGT CGTATTA 67 



(2) INFORMATION FOR SEQ ID NO: 11: 

i (i) SEQUENCE CHARACTERISTICS: 

4 (A) LENGTH: 85 base pairs 

i (B) TYPE: nucleic acid 

20 (C) STRANDEDNESS: single 

(D) TOPOLOGY : linear 

(ii) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
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CGCGGGGTCA TCCCACACCG CTAAAGCGCT TTCCACCACA AGACTATAGT 50 
GAGTCGTATT AGTCTTGTGG TG6AAAGCGC TTTAG 85 



(2) INFORMATION FOR SEQ ID NO: 12: 



j (i) SEQUENCE CHARACTERISTICS: 



(A) LENGTH: 64 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D) TOPOLOGY : 1 inear 

(ii) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

^ CGCGGGGTCA TCCCACACCG CTAAAGCGCT TTCCACCACC ACAAGACTAT 50 
AGTGAGTCGT ATTA 64 

i 

-'^ (2) INFORMATION FOR SEQ ID NO: 13: 

^ (i) SEQUENCE CHARACTERISTICS: 

- (A) LENGTH: 36 base pairs 

^0 (B) TYPE: nucleic acid 



^ 55 
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(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
ATTAATACGA CTCACTATAG AGTGAGTCGT ATTAAT 



(2) INFORMATION FOR SEQ ID NO: 14: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(ii) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
ATTAATACGA CTCACTATAG GTATAGTCGT GCTATA 



(2) INFORMATION FOR SEQ ID HO: 15: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
{ D ) TOPOLOGY : 1 inear 

(ii) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

CTATAGTGAG TCGTAT^TTA ATACGACTCA CTATAG 



(2) INFORMATION FOR SEQ ID NO: 16: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 



<EP„0851033At.L> 



22 



EP 0 851 033 A1 - 

i ATATCGTGCT GATATGATTA ATACGACTCA CTATAG 

:| 

.is 

(2) INFORMATION FOR SEQ ID NO: 17: 

i 

(i) SEQUENCE CHARACTERISTICS: 

A 10 (A) LENGTH: 39 base pairs 

1 (B) TYPE: nucleic acid 

tl (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

^ 15 (ii) SEQUENCE DESCRIPTION; SEQ ID NO: 17: 

" GACCTATAGT GAGTCGATTA ATACGACTCA CTATAGGTC 

20 

(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

I 25 (A) LENGTH: 41 base pairs 

Wi (B) TYPE: nucleic acid 

^ (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
AAGACCTATA GTGAGTATTA ATACGACTCA CTATAGGTCT T 



35 (2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 



(A) LENGTH: 4 6 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
CCACCACAAG ACCTATTAAT ACGACTCACT ATAGGTCTTG TGGTGG 

(2) INFORMATION FOR SEQ ID NO: 20: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 
ATTAATACGA CTCACTATAG 20 

(2) INFORMATION FOR SEQ ID NO: 21: 
(i) SEQUENCE CHARACTERISTICS: 



f (A) LENGTH: 24 base pairs 

^1 (B) TYPE: nucleic acid 

4 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 
CAGAACACCA CCTTTCGCGA AATC 24 



(2) INFORMATION FOR SEQ ID NO: 22: 
30 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
CTAAAGCGCT TTCCACCACA AGAC 24 

(2) INFORMATION FOR SEQ ID NO: 23: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 54 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 
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GUCUUGUGGU GGAAAGCGCU UUAGCGGUGU GGGAUGACCC CGCG 44 



Claims 

1 . A promoter-sequestered oligonucleoside comprising: 

a stem comprising a first nucleic acid sequence and a second nucleic acid sequence, said first nucleic acid 
sequence and said second nucleic acid sequence being substantially complementary to each otder, and 
a single-stranded loop region located between said first nucleic acid sequence and said second nucleic acid 
sequence, wherein all. or a portion, of an RNA polymerase promoter sequence is located within said loop 
region. 

2. The oligonucleoside of claim 1 , wherein 

said oligonucleoside consists of either deoxribonucleot'des. 2-methQxyribonucleotides. ribonucleotides, or a 
connbination thereof; 

said first nucleic add sequence is 3' of said loop; 

said second nucleic acid sequence is 5* of said loop; either said first nucleic acid sequence or said second 
nucleic acid sequence comprises at least a portion of a target-complementary nucleic acid region; 
said RNA polymerase promoter sequence is located substantially within said loop region; and 

wherein said target-complementary nucleic acid region can hybridize to a target sequence under ampli- 
fying conditions, thereby increasing the accessibility of said promoter sequence for hybridization with a pro- 
moter-complementary oligonucleotide under said conditions. 

3. The oligonucleoside of claim 2. wherein said first nucleic acid sequence comprises at least said portion of said tar- 
get-complementary region, and said target-complementary region further comprises a nucleic acid sequence 
extending from said first nucleic acid sequence 3* of said stem. 

4. The oligonucleoside of claim 3. wherein said promoter sequence is oriented to produce RNA transcripts using a 
nucleoside sequence region present in said promoter-sequestered oligonucleoside as a template. 

5. The oligonucleoside of claim 3, wherein said promoter sequence is oriented to produce RNA transcripts using said 
target sequence as a template. 

6. The oligonucleoside of claim 2. wherein said second nucleic acid sequence comprises at least said portion of said 
target-complementary region, and said target-complementary region further comprises a nucleic acid sequence 
extending from said second nucleic acid sequence 5' of said stem. 

7. The oligonucleoside of claim 6, wherein said promoter sequence is oriented to produce RNA transcripts using 
nucleic acid present in sa'd promoter-sequestered oligonucleoside as a template. 

8. A promoter -sequestered oligonucleoside comprising; 

a nucleic acid 3' intramolecular binding region. 

an RNA polymerase pronrx>ter sequence located 5' to said 3' intramolecular binding sequence, 
a nucleic acid 5' intramolecular binding region located 5' to said pronrK)ter sequence, 

wherein either said 3* intramolecular binding region or said 5* intramolecular birxling region comprises 
a first target-complementary sequence, provided that if said 3' intramolecular binding region comprises said 
first target'CQmp\emeniary sequence then a second target-complementary sequence located 3' of said first tar- 
get-complementary sequence is present and if said 5' intramolecular binding region comprises said first target- 
complementary sequence then a second target-complementary sequence located 5' of said first target-com- 
plementary sequence is present, 

wherein under RNA polymerase mediated amplification conditions said 3' intramolecular binding region 
and said 5' intramolecular binding region are sufficiently complementary to form a stable stem-loop in the 
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absence of a target sequence to inhibit hybridization of said promoter sequence with a promoter-complement 
tary oligonucleotide, and in the presence of said target sequence said promoter sequence becomes more 
accessible for hybridization with said promoter-complementary oligonucleotide. 

9. The oligonucleoside of ciaim 8, wherein said oligonucleoside consists of either deoxribonucleotides, 2-methoxyri- 
bonucleotides, or both deoxribonucleotides and 2-methoxyribonucleotides. 

10. The oligonucleoside of claim 8. wherein said promoter sequence is oriented to produce RNA transcripts using a 
nucleic acid sequence present in said promoter-sequestered oligonucleoside as a template. 

11. The oligonucteoside of ciaim 8, wherein said 3' intramolecular binding region is said first target-complementary 
sequence. 

12. The oligonucleoside of claim 1 1 , further comprising a non-complementary sequence located 3* of said second tar- 
get-complementary sequence. 

13. The oligonucleoside of claim 8, wherein said 5' intramolecular binding region conprises said first target-comple- 
'4 mentary sequence. 

; so 14. The oligonucleoside of claim 13, further comprising a non-complementary region located 5' of said second target- 
complementary sequence. 

15. A method for triggering amplification of a nucleic acid sequence in the presence of a target sequence conprising 
the steps of: 

W a) combininQ under amplifying conditions: 

^ a promoter-sequestered oligonucleoside comprising: 

'I 30 a stem comprising a first nucleic acid sequence and a second nucleic acid sequence, said first nucleic 

I acid sequence and second nucleic acid sequence being substantially complementary to each other, 

J wherein either said first nucleic acid sequence or said second nucleic acid sequence comprises at 

least a part of a target-complementary nucleic acid sequence region, 

a single-stranded loop region located between said first nucleic acid sequence and second nucleic 
35 add sequence, wherein said first nudeic acid sequence is 3* of said loop and said second nucleic acid 

sequence is 5* of said loop. 

a sequestered RNA polymerase promoter sequence, of which all, or a portion, is located within said 
loop region, 

wherein said target-complementary nucleic acid sequence hybridizes to said target sequence 
40 under amplifying conditions such that said promoter sequence becomes more accessible for hybridi- 

zation with a complementary oligonucleotide under said conditions; and a sample comprising said tar- 
get sequence, 

^ b) forming a functional double-stranded promoter region, and 

45 c) producing multiple copies nucleic acid using said target sequence or said target-complementary 

sequence as a template under RNA polymerase mediated amplification conditions. 

^ 16. The method of Glaim 15, wherein 

so said RNA polymerase promoter sequence is located substantially within said loop region, 

said first nucleic acid sequence comprises said part of said target-complementary region, and 

said target-complementary region further comprises a nucleic acid sequence extending from said first nucleic 

acid sequence 3' of said stem. 

55 17. The method of ciaim 15. wherein 

" said RNA polymerase promoter sequence is located substantially within said loop region, 

said second nucleic acid sequence comprises said part of said target-complementary region, and 
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said target-complementary region further comprises a nucleic acid sequence exterxling from said second 
nucleic acid sequence 5* of said stem. 

18. The method of claim 15. wherein said step (b) comprises providing a promoter-complementary oligonucleotide, 
wherein said promoter-complementary oligonucleotide hybridizes to said promoter sequence to form said double- 
stranded promoter. 

19. The method of claim 15, wherein said step (b) comprises providing an oligortucleotide primer which hybridizes to 
said promoter-sequestered oligonucleoside 3' of the 5' and of said promoter sequence, and extending the 3' end of 
said oligonucleotide primer to produce said functional double-stranded promoter. 

20. The method of claim 15, wherein 

said RNA polymerase promoter sequence is located substantially within said loop region, 
said target nucleic acid is RNA, and 

said promoter-sequestered oligonucleoside is either deoxribonucieotides. 2-methoxy ribonucleotides, or both 
deoxribonucleotides and 2-methoxyribonucleotides. 

21 . The method of claim 15, wherein nucleic acid produced from said step (c) is further amplified repeating said steps 
(a), (b) and (c). 

22. The method of claim 21 , wherein isothermal transcription mediated amplification conditions are employed. 

23. The method of claim 15. wherein said oligonucleoside further comprises a non-complementary sequence located 
S of said stem which is amplified during said step (c). 

24. A method for detecting whether a target nucleic acid sequence is present in a sample comprising the steps of: 

a) combining under amplifying conditions: 

a promoter-sequestered oligonucleoside comprising: 

a stem comprising a first nucleic acid sequence and a second nucleic acid sequence, said first mjcleic 
acid sequence and said second nucleic acid sequence being substantially complementary to each 
other, wherein either said first nucleic acid sequence or said second nucleic acid sequence comprises 
at least a part of a target-complementary nucleic acid sequence region, 

a single-stranded loop region located between said first nucleic acid sequence and second nucleic 
acid sequence, said first nucleic acid sequence being 3' of said loop and said second nucleic acid 
sequence being 5' of said loop, 

a sequestered RNA polymerase promoter sequence, of which all, or a portion, is located substantially 
within said loop region, 

wherein said target-complementary nucleic acid sequence region hybridizes to said target 

sequence under amplifying conditions such that said promoter sequence becomes more accessble 
for hybridization with a promoter-complementary oligonucleotide under said conditions; and 

said sample, 

b) forming a functional double-stranded promoter-region if said target sequence is present in said sample, 

c) producing RNA transcripts under RNA polymerase mediated amplification conditions using said functional 
promoter produced in step (b) when said target sequence is present, and 

d) detecting whether RNA transcripts are produced in step (c). 

25. The method of claim 24. wherein 

said RNA polymerase promoter sequence is located substantially within said loop region, 

said first nucleic acid is said part of said target-complementary sequence region, and 

said target-complementary sequence region further comprises a sequence extending 3' of said first nucleic 

acid. 
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26. The method of claim 24. wherein 



said RNA polymerase promoter sequence is located substantially within said loop region, 
said second nucleic acid is said part of said target-complementary sequence region, and 
5 said target-complementary sequence region further conrprises a sequence extending 5* of said second nucleic 

acid. 

27. The method claim 24, wherein 

10 said RNA polymerase promoter sequence is located substantially within said loop region, and 

said oligonucleoside further comprises a 5'-non-complementary reporter sequence which is amplified and 
detected if said target sequence is present. 

28. The method of claim 25, wherein one or more RNA transcripts from said step (c) ts further amplified repeating said 
IS steps (a), (b) and (c). 

29. The method of claim 26, wherein one or more RNA transcripts from said step (c) is further amplified repeating said 
steps (a), (b) and (c). 

20 30. The method of claim 24, wherein said 

said RNA polymerase promoter sequence is located substantially within said loop region, 
said target nucleic acid is RNA. 

and said promoter-sequestered oligonucleoside is either deoxribonudeotides. 2-methGKyribonucleotide$. or 
25 both deoxrbonucleotides and 2-methoxy ribonucleotides. 
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